The Pohang Light Source (PLS) storage ring uses two bunch-by-bunch feedback systems -a longitudinal feedback system (LFS) and a transverse feedback system (TFS) -to cure the coupled bunch instabilities due to higher order modes of RF cavities and resistive wall impedance. The LFS employs the digital electronics developed for ALS and PEP11 and uses a cavity-type kicker, and it was successfully commissioned in 1999 with the aid of SLAC. The TFS uses analog two-tap coax notch filters for closed orbit offset signal rejection. The TFS is now in upgrade to use one kicker per transverse plane to improve efficiency over the previous system with a kicker combining both planes in a single structure. This paper will describe the achieved results of curing the coupled bunch instabilities by using the LFS and TFS together with current status.
INTRODUCTION
In a third generation light source the strong coupled bunch instability is a big concern, which limits beam current and degrades photon beam quality by amplifying beam oscillation or by blowing up beam emittance.
The design beam currents of the PLS are 40OmA and 250mA at 2GeV and 2.5GeV, respectively. The achieved maximum stored beam current was 450mA at 2GeV, 200mA at 2.5GeV. A big longitudinal instability begins to appear at the current higher than 23OmA at 2.0GeV, above that a peanut-shaped beam is borne, which is apparently useless for beam line users. The limitation of beam current at 2.5GeV is due to the RF power limitation of the current RF system.
To minimize the beam coupling impedance in RF cavities for higher current operation, the HOM tuning method is exploited intensively, which includes the fine adjustment of cavity temperature and an insertion of HOM tuning plunger into RF cavity. RF Cavity HOM tuning and chromaticity can reduce the instabilities to some extent, but not enough because there are still residual impedances in a ring not to be removed so that an active bunch-by-bunch feedback system is required to perfectly remove the instabilities. In order to cure the coupled bunch instabilities in transverse and longitudinal directions, two bunch-by-bunch feedback systems have been prepared -a longitudinal feedback system and a transverse feedback system. Longitudinal coupled bunch instability becomes more severe as the stored current increases and transverse instability is getting worse as the complexity of vacuum chambers increases in a ring. Small gap insertion device chambers have a gap distance *Supported by the Ministry of Science and Technology, Korea 
Tap Number
Sampling Rate, kHz of 5 to 12 mm, which remarkably increases the transverse resistive wall impedance. Another important thing is that the higher chromaticity, the dynamic aperture becomes much smaller. In this paper we will describe the test results of the bunch-by-bunch feedback systems and the upgrade plan together with current status. 
LONGITUIDNAL FEEDBACK SYSTEM
To suppress the longitudinal instabilities, the longitudinal feedback system, originally developed for the PEP-11, DAQNE and ALS machines and s h a m common architectures, was procured from SLAC in 1999 [l] . Table 2 shows the setting parameters for the LFS to damp the instabilities, which are measured with the beam current of 135mA at 2GeV. The front-end that measures the energy of particle bunches has a limit of synchronous phase motion about 29 degree, which depends on beam current. The back-end delay which times the kick to the exact bunch has a very small stable range, which means a very precise back-end timing is absolutely necessary. On the other hand, the filter and the down sampler that compute a correction signal have a large operation range.
Operation range
Span The most important parameter is damping rate by feedback. The radiation damping times ( z, ) in longitudinal direction are 8.3ms and 4.2ms at 2GeV and 2.5GeY respectively. Figure 1 shows the longitudinal feedback damping time (2,) as a function of phase deviation [2] . For 1-degree phase deviation, about 2ms damping time by feedback can be achieved with a 250W amplifier. To damp the instability the total damping rate should be higher than the instability growth rate ( zi ): l/zi < l l z , + l / z F . In case of 2.5GeV the feedback system with a 250W amp does not provide a sufficient damping rate compared to the radiation damping. In order to increase the damping rate at 2.5GeV, it is necessary to install another kicker cavity or double the amp power. . ,
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TRANSVERSE FEEDBACK SYSTEM
To suppress the transverse instabilities, a hybrid transverse feedback system has been developed. The system uses two pickups for the detection of the betatron oscillation and a single stripline-type kicker for damping in both horizontal and vertical directions. But the transverse feedback system also has the problem of lack of repeatability and reliability. It requires a very finetuning of signal delay whenever the TFS is in use.
The feedback system was tested in both horizontal and vertical direction, separately. After the beam tests the TFS was decided to change the scheme: separates the direction of kicks and uses two kicker chambers of the same design. The new system uses one kicker per transverse plane to improve efficiency over the previous system combining both planes in a single structure. For this scheme, another kicker chamber was installed at the beginning of 2001.
The upgrade of the TFS is now in progress, will be finished by the beginning of 2002. 
SUMMARY
The performance verification study was carried out for the present bunch-by-bunch feedback systems -LFS and TFS. Based on the test, the performance upgrade plan is now in progress to ensure the repeatability and reliability: further performance test of each module of the LFS, to use one kicker per transverse plane to improve efficiency for the TFS, and a new low-level RF feedback system to ensure the longitudinal motion stability. After the completion of this upgrade, the bunch-by-bunch feedback systems can be used to perfectly damp the instabilities with good reliability.
